Age-associated changes of magnetic resonance imaging (MRI) on the brain were evaluated in 19 beagle dogs aged from 8month-to 16-year-old. A significant correlation of the volume of lateral ventricle space was observed in the dogs with age advanced, however, no correlation was found between hippocampus size and the aging. The hypo-intensity areas on T2-weighted MRI were detected in globus pallidus and substantia nigra with a significant correlation of both intensity ratios to lateral ventricle with age advanced. These areas were coincided with the accumulation of iron in the slice of the brain with Perls' staining. In addition, hyperintensity area, suggesting perivascular demyelination with fluid-filled space, was also observed in white matter surrounding the lateral ventricle on T2-weighted MRI. These results suggested that age-associated changes of T2-weighted MRI were developed in the dog brain, especially in globus pallidus, substantia nigra, and white matter surrounding lateral ventricle, like as those reported in the human brain KEY WORDS: age-associated change, brain, canine, hypo-and hyper-intensity, MRI.
Magnetic resonance imaging (MRI) has been used as a noninvasive and useful diagnostic technique for evaluating age related brain disorders, such as Alzheimer's disease, Parkinson's disease, and dementia, indicating severe atrophy of the brain, hippocampus, amygdala, and temporal lobe, gray matter, and dilatation of ventricle space, and cortical sulci, [9, 17, 26, 28, 34] . However, age-associated similar changes of MRI was also observed in the clinically healthy human brain, indicating brain atrophy, dilatation of ventricle space and cortical sulci, hypo-intensity area in globus pallidus and substantia nigra, and hyper-intensity area in white matter [7, 16, 20, 31] . In addition, age-associated pathological changes of the brain, including developments of senile plaque, decrease number of neuronal cell, deposit of lipofuscin, and activation of astrocyte, have also been well documented [8, 12, 23, 38] . Therefore, it is necessary for diagnose of age related degenerative diseases to evaluate age-associated changes in the brain. Various age-associated changes were detected in aged dogs with occasionally abnormal behaviors [4, 6, 10, 27, 30] , like as those reported in human [13] . Although MRI has been applied in veterinary clinics and experimental medicine, several reports were on clinical cases and few reports on age-associated changes in the dog brain [5, 37] . This study deals with ageassociated changes in MRI on the brain, especially lateral ventricle space, hippocampus size, and hypo-and hyperintensity area, in beagle dogs with age advanced.
MATERIALS AND METHODS
Animals: Clinically healthy 19 beagle dogs (8 male and 11 female), aged from 8-month-to 16-year-old, were used. All the dogs were bred, reared, and kept in Medicinal Safety Research Laboratories, Sankyo Co., Ltd. under the condition of circumstance temperature at 22 ± 2°C. The air extraction was designed to be 10 times/h and the lighting control was 12L and 12D. Each dog was offered 220 g of standard diet once a day in the morning. Tap water was given ad libitum by the automatic watering system.
Anesthesia: For the taking MRI, the dogs were administered with atropine sulfate (0.05 mg/kg, s.c.) and xylazine (2 mg/kg, i.m.) for the sedation. After the premedication, ketamine hydrochloride (10 mg/kg, i.v.) was injected and endotracheal tube was inserted. Anesthesia was maintained with isoflurane using a respirator.
Magnetic resonance imaging (MRI): MRI was carried out on a 4.7 tesla (T) experimental imager/spectrometer system (Unity puls SIS 220/300, Varian, PaloAlto, Ca, U.S.A.) using a 33 cm horizontal bore magnet (Oxford instrument, England) and a gradient strength of 50 mT/m. T1-weighted spin-echo (SE) images (TR/TE)(msec=500/20) with 4 signal acquisition and T2-weighted SE images (2000/80) with 2 signal acquisition were also performed. The section thickness was 3 mm with a 256 × 256 matrix and a field of view of 15 × 15 cm 2 . Transverse images were taken from forebrain to hindbrain.
Evaluation of MRI: From the results of T1-and T2weight SE images, evaluation of MRI was carried out on the T2-weight SE images. The data of MRI were transferred into the computer and stored. The regions of interest, lateral ventricle and hippocampus, were determined by hand-drawing manner for calculating the size of the area by the computer using software (ULTIMAGE, GRAFTEK, Tokyo). Total volume of lateral ventricle space was calculated from the sum total of the size of area timed a thickness of the slice (3.5 mm corrected as the section thickness and gap were 3 mm and 0.5 mm, respectively) in every sections. Hippocampus size was also measured in the section, in which it was shown in the largest view. For hypo-intensity area in the section at globus pallidus and substantia nigra, and hyperintensity area in white matter on T2-weighted images were evaluated the signal intensity of those area compared to that of lateral ventricle.
Pathological examination: After the taking MRI, one male beagle dog, aged 16-year-old, was killed under general anesthesia with sodium pentobarbital and autopsied. The postmortem brain was fixed with 10% neutral buffered formalin. The fixed brain was sliced in the transverse plane at the level of globus pallidus and substantia nigra, and stained with Perls' solution to detect the ferric iron, because hypointensity area on T2-weighted MRI was demonstrated to be closely related to the iron accumulation [14] .
Statistic analysis: Quadratic regression analysis was used for statistical significance between the aging and lateral ventricle space, hippocampus size, and hypo-and hyper-intensity area.
RESULTS

Evaluation of T2-weighted MRI:
The volume of lateral ventricle space (mean: 1,700 mm 3 ; range: 149-5,960 mm 3 ) in the dogs was remarkably varied, however, it showed a significant positive correlation with the aging. No correlation was observed between the size of hippocampus and the aging ( Figs. 1 and 2) . The hypo-intensity area, decreasing of signal intensity on T2-weighted images, was detected in both globus pallidus and substantia nigra in aged beagle dogs from 7-year-old ( Fig. 1 ). Both intensity ratios of globus pallidus and substantia nigra to lateral ventricle were significantly correlated with age advanced (Fig. 3) . In addition, hyper-intensity area, showing mild increase of signal intensity, was detected in white matter surrounding lateral ventricle on T2-weighted image in 16-year-old beagle dogs (Fig. 4) .
Pathological examination: The brain of the 16-year-old beagle dog showed atrophy and lateral ventricular dilatation on macroscopic observation. The ferric iron was clearly detected in the globus pallidus and substantia nigra as a blue area stained by the Perls' solution. The regions of the area were coincided with hypo-intensity area on T2-weighted MRI (Fig. 5 ).
DISCUSSION
In this study, the volume of the lateral ventricle space in the brain showed a significant correlation with the aging in beagle dogs. In aged human brain, the dilation of cerebrospinal fluid space was observed on MRI and also computed tomography, indicating atrophy of brain and also decrease number of neuronal cell [7, 25, 31] . Atrophy of hippocampus, which was closely related to the memory function, was also reported in human with age advanced [11, 20] . In aged dogs, any atrophy of hippocampus could not detected, although it was the major age-associated finding in human. Age-associated changes might be different among animals, resulted in different manners and/or behaviors in dementia symptoms. Hypo-intensity area on T2-weighted images was observed in both globus pallidus and substantia nigra in bea-gle dogs with age advanced. Aoki et al. [1] reported that hypo-intensity area on T2-weighted images was commonly observed in substantia nigra, red nucleus, and globus pallidus from age 25 years in the brain of clinically healthy human. Many researchers indicated that the main cause of this was non-haemin iron accumulation [3, 14] . The highest accumulated region with iron was reported to be in globus pallidus, followed by red nucleus and substantia nigra in the human brain, like as reported on hypo-intensity area of T2weighted MRI [2, 22] . The hypo-intensity areas on T2weighted images were also detected in caudate nucleus, putamen, and globus pallidus in the monkey brain [3] , and in globus pallidus and substantia nigra in the dog brain, both of which were closely related to iron deposition with the aging. The meaning of iron accumulation in the brain was poorly understood, however, it was considered to affect the metabolism of neurotransmitters and/or neuroactive compounds. Hill and Switzer [24] demonstrated the distribution of iron was overlapped with gamma-aminobutyric acid (GABA), enkephalin and lutenizing hormone releasing hormone (LHRH) in the rat brain. The increase of iron concentration in the brain was also detected in several neurological disorders, such as multiple sclerosis, Shy-drager syndrome, Parkinson's disease, and abnormal movement disorders [15, 21, 33, 35] . It was widely accepted that iron generated oxygen free radicals, resulted in neurological cell death [32, 36] and also disturbance of neuronal functions in human with age advanced [39] . Although the beagle dogs used in this study showed no abnormalities in their gait and behaviors, accumulation of iron in globus pallidus and substantia nigra with the aging was suggested to be some affects on the neuronal functions in aged dogs. Hyper-intensity area was detected in white matter surrounding the lateral ventricle on T2-weighted images in the 16-year-old beagle dog. The same lesion was often observed in the clinically healthy aged human brain. Gerard and Weisherg [19] reported that 7.8% of human over age 50 years showed perivascular hyper-intensity area on T2weighted images without symptoms of cerebrovascular disease. The area was resulted from the changes of myelin structure with fluid-filled space in white matter [19, 29] . Since the degeneration of white mater was reported in dogs aged more than 14-year-old [18] , the hyper-intensity area on T2-weigted images was considered to be one of the ageassociated changes in white matter in the dog brain, although the area observed in beagle dogs was slightly mild compared with that in the human. From these results, age-associated changes of T2weighted MRI were developed in the dog brain, especially in globus pallidus, substantia nigra, and white matter surrounding lateral ventricle, like as those reported in the human brain.
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